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PROPOSED PROJECT DESCRIPTION & HISTORY

The limits of the reach of Moores Creek proposed for stream enhancements begin just
downstream of the existing West Madison Canal undercrossing and end at the HWY 287 Culvert
inlet at the east edge of the property. This particular portion of Moores Creek appears to have
been straightened around 1950 (see photos below) to follow the existing driveway; after which a
series of new trees were planted immediately adjacent to the stream, including a number of non-
native fast growing willows which have since grown to an enormous size.

Over time, the line of trees planted along Moores Creek have grown up and into the stream bed
and have simultaneously acted as a large wind break and dust trap; as a result of the trapped dust
and dropped organic matter from the trees, the stream bed has aggraded over time resulting in a
perched stream condition along this reach. As a result of this perched stream condition, stream
flows have spilled/seeped over to the adjacent pasture to the south, spreading out in places and
and/or collecting into existing flood irrigation ditches and overflow channels. As this water has
spread out across this field it has warmed and overlapped with livestock areas resulting in
significant water quality degradation; including measured increases in sediments, nutrients, and
even bacteria. As a result, this water shed has been deemed a priority for the Madison County
and this reach of Moores Creek in particular identified for proposed stream improvements.

PROJECT GOALS & OBJECTIVES

The goal for this project is a design for Moores creek that will function as a healthier perennial
stream, carrying sediment, with an accessible floodplain, supporting a diverse riparian plant
community, and providing fish and wildlife habitat; all without significant mechanical
manipulation in the future. Additionally, the channel, stream bank and upland conditions on the
Lyons property should not contribute to sediment, nutrient, or e-coli concerns which have been
identified on this stream in the past by MT DEQ and the Madison Conservation District.
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DESIGN SUMMARY

To meet the project objectives, a design team was assembled with the diverse skills, training, and
experience to complete the project. The team members included, Karin Boyd
(geomorphologist), Lynn Bacon (professional wetlands scientist), and David Sigler (MS Civil
Engineering, PE, TSP).

After the initial walk through by the design team, several alternatives were considered,
including: no action, enhancement of the existing alignment, bumping in and out of the existing
alignment, and building a new channel either north or south of the existing alignment.

The first step in the design process was to identify a reference reach. Between the limited space
allowed for stream movement downstream and the addition of a reservoir upstream, it was
determined that this stream system was in a state of transition; therefore, a historic restoration
was not appropriate. Nonetheless the approximately 800" section of Moores creek extending
from the West Madison Canal downstream to the culvert crossing at Moores Creek Road
upstream was selected to be a reference reach for a more stable version of what this stream was
transitioning into.

Photo — Reference Reach
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The reach of river to be restored exists in a region of transition from a Rosgen Type "B"
immediately downstream of the reservoir to a Type "C" stream at the Moores Creek Road
crossing immediately upstream of the chosen reference reach for this project. The reference
Reach is approximately 751 LF of stream over 592 LF of distance for an existing sinuosity of
1.27. The average bed grade across this distance is 1.13% (1.43% ground slope). Two
representative cross-sections were taken through the Reference Reach (Sheet 15). Section "E™ at
existing station 20+50 had slope of 0.57%, an active channel width of 8.1', and a floodway width
of 37" for an entrenchment ratio of 4.6 and a width to depth ratio of 14. Section "F" at existing
station 23+50 had slope of 1.42%, an active channel width of 6.8', and a floodway width of 20'
for an entrenchment ratio of 2.9 and a width to depth ratio of 20. Overall through this reach the
active channel width varied between 5'-10', with a typical of 7', and the floodway varies between
20'-70'. These characteristics are consistent with a Rosgen Type "C" stream which typically has
a moderate to high sinuosity ( > 1.2); a moderate to high width to depth ratio ( > 12); and slightly
entrenched (> 2.2). The general description of a Rosgen Type "C" stream is as follows: "a low
gradient, meandering point bar, riffle-pool, alluvial channels with broad, well-defined flood-
plains.”

Due to the lack of available wetland sod borrow areas on site, the project has been designed for
top soil and a wetland seed mix along with nursery container stock plantings behind pre-
established coir fabric wetland sod mats from North Fork Native (or similar). These
approximately 3.2" wide by 16" long mats are placed over saturated top soils which are
temporarily held in place by a cobble stone toe comprised of 2"-8" cobbles. The 2" gravels
represent the maximum material size transported at bank-full (also the size of the riffle gravels);
and the 8" max cobble size represents the existing maximum diameter (D-Max) identified in the
reference reach.

STREAM GRADE AND PLANFORM DESIGN

The total length of reach under consideration for Moores Creek improvements extends from the
downstream end of the existing West Madison Canal to the existing culvert invert at Highway
287 on the western property boundary. This is a total of 1773 LF of existing stream length over
1607 LF of distance with a grade drop of 17.0 feet resulting in an existing sinuosity of 1.1 and
average grade of 0.96% (1.06% ground slope). For much of this distance the stream is perched
above the adjacent ground elevations with a steep grade break to drop down to the existing
culvert just before reaching Highway 287. The proposed design for this project includes some
in-stream work at the upper end of this reach as well as new stream channel construction and
alignment at the lower end of the project limits.

The purpose of the in-stream work is to begin dropping the existing stream thalwag and water
surface to eliminate the existing stream seepage and spill off into the south pasture as well as to
begin the process of balancing the grades throughout this reach. This work begins approximately
125 feet downstream of the existing canal undercrossing at existing stream station 17+14 and
ending at station 12+94 where the new channel alignment begins for a total distance of 420 LF.
The existing grade drop across this reach is 2.44” for a slope of 0.58%; the proposed drop across
this reach after the in-stream work is 3.87” for a slope of 0.92%. The location of the star of this
project also coincides with one of 3 proposed livestock crossing and grade control location,
consisting of a 12” thick layer of cobble material capped by a 4” thick layer of 2” minus stream
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bed gravels. In addition to stream bed excavation, adjacent bank work will be completed as
directed to lower the adjacent wetland banks to maintain their access to water and the stream’s
access to its adjacent floodway.

Below the in-stream restoration work begins the proposed new stream alignment and channel
work starting at existing stream station 12+94 and ending at the existing stream culvert at
highway 287 (station 0+68). The proposed new reach length will be increased from 1,226 feet to
1,382 feet over a distance of 1,125 feet for a proposed sinuosity of 1.23 (increased from 1.09 for
the existing stream) and a new average grade of 0.77%. Both of these values are within the
typical range for a Rosgen Type “C” Stream which is characterized by a moderate to high
sinuosity (>1.2) and a grade between 0.1%-2.0%. The decision was made to move the new
alignment to the north of the existing stream and row of mature trees in order to take advantage
of the shade provided by these trees as well as to move the new alignment as far as possible from
the existing pasture and source of contaminants.

Bouncing the stream in and out of the existing alignment and trees was deemed to be problematic
in terms of preservation of the existing established vegetation and cost; in addition the new
alignment presents an opportunity to enlarge the existing riparian corridor and habitat. A portion
of the existing driveway is shifted to the north in order to maintain the new alignment north of
the existing tree line for as far as possible and to take advantage of a large opening in the existing
mature trees to pass through to the south before reconnecting with the existing stream alignment
near the culvert at Highway 287.

CHANNEL CROSS-SECTION DESIGN

Channel cross-section design was approached by matching the existing upstream reference reach
to establish floodway width (20°-70°); active channel width (5’-10" w/ 7’ typical); entrenchment
ratio (2.9-4.6); and width to depth ratio (14-20). As noted in the Design Summary above, the
new alignment was designed as a “low gradient, meandering point bar, riffle-pool, alluvial
channels with broad, well-defined flood-plains.”

HYDROLOGY & HYDRAULICS

To complete the design of this project estimates needed to be made for the baseflow, bankfull (2-
yr), 10-year, and 100-year stream flows for this reach of Moores Creek. The baseflow estimate
of 3 cfs is based upon the streamflow measurements provided by the Madison County
Conservation District; and the bankfull estimate of 16.5 cfs is based upon the maximum flow that
can pass under the existing West Madison Canal before spilling into the canal itself and
compared it to bankfull estimates made by the NRCS (Attachment No.1). For the 10 year and
100 year estimates, a hydrological analysis was performed based upon a weighted average of the
basin characteristics and the active channel width (see Attachment No.2). The results of these
analysis are as follows:

e Base Flow: 3.0 cfs
e Bank Full (2 Year Peak Flow): 16.5 cfs
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e 10 Year Peak Flow: 152 cfs (from weighted average of Basin Characteristics
& Active Channel)
e 100 Year Peak Flow: 408 cfs (from weighted average of Basin Characteristics
& Active Channel)

The estimated 10 year and 100 year flows do not take into account the storage effect of the
reservoir above this project. As a result, it is anticipated that the baseflow and ordinary high
water flows will be the most consistent, while the larger flows are stored and moderated by the
reservoir resulting in more steady, clear (sediment free) downstream flows.

PROJECT SPECIFICATIONS

Stream Bed Gravels:

Stream bed gravels in proposed riffle reaches of the new Moores Creek stream alignment shall
be 2" minus rounded gravels based upon observed gravels in the existing channel and irrigation
ditches across the existing pasture to the south. This material size was further confirmed based
upon the incipient mobility shear stress calculations completed by Karin Boyd of Applied
Geomorphology (Attachment No.4), with particle sizes between %.”-1 '4” (17-41 mm) mobilized
at the bank full (2 year) flows.

Cobble Toe:

Cobble Toe material shall be approximately 800 cy of 2-8 inch cobble sourced and screened
from Alder Gulch tailings. This toe material will confine the topsoil under the coir fabric
wetland sod mats and shall extend as follows: 24” below the stream bed at high energy regions
(riffles & outside bends), 8"-12" in low energy reaches (glides, inside bends, etc.), and to the
bottom of all pools. Toe material was sized based upon the maximum diameter (dmax) cobble
material identified on the stream bed of the existing reference reach. This material size was
further confirmed based upon the incipient mobility shear stress calculations completed by Karin
Boyd of Applied Geomorphology (Attachment No.4), with particle sizes between 17°-5” (20-117
mm) mobilized at the 10 year estimated flows.

Live Sod Coir Fabric Mats:

Live sod mats shall be from North Fork Native Plants or approved equal and shall be wrapped in
a biodegradable, processed fiber plugged with a wetland plant species mix that includes
Nebraska sedge, wooly sedge, and Baltic rush. The mats shall be placed over lightly compacted
and damp top soils at or just above the active channel water surface elevation. They shall be
staked with 8-12 16" wooden stakes per 3.2'x16' mat. The stakes shall be driven at a slight angle
with about 4" of the stake protruding above the mat. These matts and the upland seeding behind
them will be placed after spring run-off to allow sufficient time for establishment before the next
season’s peak flows. With good soil to root contact with the sod mats, root establishment should
take place within 2 weeks. Additionally, the maximum calculated shear stress of 1.2 psf for the
10 year stream flow along Reference Cross-Section No.2 is less than the allowable shear stress of
4 pst for this fabric.

Lyons — Moores Creek Enhancement Project 6
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Riparian Planting:

The riparian plants shall extend across both Zone 1 (overbank floodplain benches) and Zone 2
(upland from the toe of the Zone 1 benches to the matched existing grade). The Zone 1 riparian
plantings shall consist of a mix of the following native species: Sandbar/Coyote Willow (Salix
Exigua) @ 50%-60%; Geyer (Salix Geyer), Booth (Salix Booth), and Bebb (Salix Bebbiana)
willows at 20%; Red-Osier Dogwood (Cornus Sericea) @ 10%; Goden Currant (Ribes Aureum)
@ 10%-15%; and Thin Leaf Alder (Alnus Incana) @ 10%. The Zone 2 riparian plantings shall
consist of a mix of the following native species: Ggolden Currant (Ribes Aureum); Narrowleaf
Cottonwood (Populus Angustifolia); Black Cottonwood (Populus Blsamifera Var. Trichocarpa);
Silver Buffalo Berry (Eleagunus Commutate); Chokecherry (Prunus Virginiana); and Aspen
(Populus Tremuloides).

The minimum riparian planting schedule is as follows:

e Willow stem tube-lings on a minimum density of 1 stem per running bankline foot on
outside bends and cross-overs and one stem per 2 feet of running bankline elsewhere.

e 1 Gallon potted plants at a density of 1 plant per 4 feet of running bank line foot on outside
bends and cross-overs and 1 plant per 8 feet of bankline elsewhere.

e 5 Gallon potted plants at a density of 1 plant per 6 feet of running bankline foot on outside
bends and cross-overs and 1 plant per 12 feet of bankline elsewhere.

e 10 Gallon potted plants or transplanted mature willow clumps at a density of 1 plant per 24
feet of bankline, concentrated on outside bends in strategic clusters.

COST & QUANTITIES ESTIMATE

The existing channel work is estimated to be completed with a single track excavator, plus dump
truck, support backhoe, laborer and foreman with an estimated crew hour cost of $280 / hour.
This work is anticipated to progress at 10 LF / hour for total cost of $28 / LF or

$11,760 for the entire 420 LF stretch.

The new channel work is estimated to be completed with a single track excavator, two dump
trucks, a support backhoe, 2 laborer’s, and a foreman for total cost of $360 / HR for the rough
grade, which is anticipated to take 7 days including clearing and grubbing (200 LF / day). This
work will be followed by placement of the cobble toe which is estimated to take 3 days with an
excavator, dump truck, backhoe, foreman and laborer ($280 / crew hour) and 800 CY of cobble
gravels estimated at $32/CY plus one day to place the riffle gravels and 120 CY of material at
$24/CY. The top soil is an estimated $16/CY placed (800 CY$) plus $0.12/SF for % are of
hydroseed, and wetland sod mats delivered and set are an estimated 12/LF (2,800 LF). All in the
estimated new stream work is $104,000 for 1,380LF ($77/LF).

The proposed new riparian vegetation is estimated at $3 / Tubeling, $12 / 1 Gallon Plant, $26 / 5
Gallon Plant, and $40 / 10 Gallon Plant installed for a total Riparian Landscaping Estimate of
$25,000 to plant and $5,000 to cage and protect.

The livestock crossings (3 each) are an estimated $1,200 each.
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The existing pond excavation of 500 CY to maintain its depth with the reduced design water
surface is estimated at $10 / CY; while the estimated cost for the optional pond expansion of
2,000 CY is$5/CY.

The total of the above estimates is $150,000 for the stream work, including livestock crossings
plus $5,000 for the existing pond excavation and $10,000 for the pond expansion. The estimated
markup for Overhead, Profit & Contingencies is $30,000 (18% of $165,000).

PROJECT DESIGN DELIVERABLES:

1.

NRCS Practice Standard 582 for Open Channel Conservation Practices was reviewed and
is attached along with the TSP-2 Form signed by the landowner (Attachment No.5).

The TSP (Sigler) made an initial site visit to visit with the client and collet design
information.

The TSP (Sigler) prepared and/or engaged a qualified person to complete the following:

a. Narrative Design Report: See the above sections entitled Proposed Project

Description and History, Project Goals & Objectives, Design Summary, and
Stream Grade and Planform Design to find the executive summary, design
objectives, design references & reference reach, assumptions, design alternatives
considered, and construction methods and materials.

. Survey Data: As noted in the Construction Drawings, the Moore’s Creek job was

surveyed using RTK GPS, with the base station set up over CP1. The coordinates
for the control points at the Moore’s Creek site were established by referencing
our measurements to a control point which has a known WGS84 Latitude and
Longitude, and Ellipsoid height. This job used a local coordinate system rotated to
True North and anchored at CP1 which was assigned the state plane coordinates
for that position. The elevation datum for this survey is NAVD 88 computed
using the Geoid 12A model. Included in Attachment No.6 is a list of the Control
Point Coordinates as well as a summary of the staking coordinates, grades, and
offsets for the proposed thalwag, stream bead, top of bank (TOB), floodplain
bench toe, and grade match point.

Soils: Included in the Moore’s Creek Restoration Project Aquatic Resources
Delineation Summary Report by Lynn Bacon of TerraQuatic (Attachment No.7)
is copy of the NRCS Soils report as well as a summary of the results of the onsite
evaluation completed including soil sample pits taken. Construction limitations
identified for use of the on-site soils are characterized by the report above,
including the anticipated lack of available stream bed gravels for the proposed
riffle reaches, necessitating imported materials.
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d. Open channel information including reach and reference reach characterization,
stream channel design shear stresses, and calculations for bed load and sediment
transport competency and cobble toe sizing for temporary protection were
provided by Karin Boyd of Applied Geomorphology (Attachment No.4).
Characterization of the stream channel before and after the project in the form of
hydraulic calculations at four cross-section locations are included in Attachment
No.3, which also demonstrate that the proposed changes will not increase the base
flood elevation (BFE) for the required Floodplain Development Permit. Stream
Channel layout coordinates showing station, feature, and design grades are
included with the Survey Data in Attachment No.6.

e. Other Design Requirements: The project as designed will balance / reduce the
average grade along this reach, which will reduce the stream velocity from the
existing condition which involves a steep grade drop right before the culvert.
Between the decreased velocity and the adjusted alignment which approaches the
culvert laterally, the erosive potential should be decreased thereby creating no
adverse impacts to the proposed county road culvert project.

f. Estimated quantities for the project are summarized on Sheet 1 of the Plan Set and
estimated costs for these quantities on this project are included in the Cost &
Quantities Estimate above.

g. Construction and Material Specifications: Items of work and construction details
specific to the job, including testing protocols are included in Sheet 2 of the
Construction Plan Set.

h. Construction Inspection Plan: The critical construction and material items that
require inspection along with required submittals, qualified inspectors, schedule
of critical construction items, safety details, and construction tolerances are
included in Sheet 2 of the Construction Plan Set.

i. Operation and Maintenance Plan: The Operation & Maintenance Plan including
critical inspection items and frequencies, maintenance procedures, and relevant
contact information is included in Sheet 2 of the Construction Plan Set.

4. To the best of my professional knowledge, judgment, and belief, the Construction Plan
Sheets meet the intent of NRCS Practice Standard 582. This Plan Set includes the
following drawings:

Sheet 1 — Cover Sheet

Sheet 2 — General Notes

Sheet 3 — Survey Control & Staking

Sheet 4 — Project Overview (Aerial)

Sheet 5 — Project Overview (Topo)

Sheet 6 — Wetland Delineation (Aerial)
Sheet 7 — Wetland Delineation (Topo)
Sheet 8 — Project Design Overview (Topo)
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Sheet 9 — Design Reach No.1

Sheet 10 — Design Reach No.2

Sheet 11 — Design Reach No.3

Sheet 12 — Cross-Section “A” (Typical Glide) & Cross-Section “B” (Typical Pool)
Sheet 13 — Cross-Section “C” (Typical Riffle) & Cross-Section “D” (Typ. In-Stream)
Sheet 14 — Cross-Sections “E” & “F” (Reference Reach)

Sheet 15 — Project Profile — Existing

Sheet 16 — Project Profile — Proposed

5. A Completed Construction Specifications Cover Sheet MT-ENG-7; rev 2/11) will be
provided to the landowner to be signed and dated.

PROJECT PERMITS

Permits required for this project, include: a 310 Permit from the Ruby Valley Conservation
District; a 404 Permit from the Army Core of Engineers; a 318 Authorization from the
Department of Environmental Quality (DEQ); a Notice of Intent (NOI) from the DEQ; and a
Floodplain Development Permit from Madison County (Map No. 3000440003E).

PRECONSTRUCTION REQUIREMENTS

1. The TSP shall personally conduct a pre-construction conference with the landowner and
contractor to ensure that they both understand the plans and specifications; that all the required
permits and permissions have been acquired to construct the project; that utility locates have
been notified; and that to the best of the tsp's knowledge, all other relevant rules and
regulations are being adhered to for the construction of this project.

2. Utility information shown on the drawings is approximate and may be incomplete. For
accurate location contact, prior to excavation, the utilities underground location center at: 1-
800-424-5555. Contractor to be aware of overhead lines in the project vicinity and use the
utmost care at all times around the lines.

PROPOSED CONSTRUCTION METHODS

The proposed project involves a reach of in-stream enhancements as well as a reach of newly
constructed channel. The existing channel improvements include excavation of the existing
channel down up to 18” along with lowering of the adjacent banks in order to maintain water
contact as well as floodplain connectivity. Lowering of the adjacent banks involves the removal
of existing sod, excavation of the subgrade below the sod, and re-setting of the live sod back in
place.

The new channel work involves excavation of a new stream channel prism including bed, banks,
and adjacent floodplain; followed by the placement of stream bed gravels in the riffle reaches,
construction of new bank lines and the planting of new riparian vegetation and wetland grasses
in the new adjacent floodplain deck. Due to the lack of wetland sod borrow sites on this project,
the new bank line will be constructed with cobble toe material used to confine new topsoil
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behind it. Over this topsoil along both sides of this bank line will be placed a 3 foot wide
imported wetland sod matt. The topsoil behind this matt and extending across the limits of the
floodplain bench will be seeded with a wetland seed mix.

The proposed construction sequence for this project is as follows:

1.

no

Nogoabkhw

New alignment rough excavation to average bed grade, floodplain benches and slopes to
match points.

Toe installation using keyed cobble stone toe trench material to build sub grade for outside
bank lines.

Place gravel bed material in riffle sections.

In-stream excavation and redirection of stream into new channel.

Final bed grade-pool excavation/controls/bar grading

Place and lightly compact topsoil above and behind cobble toe material.

Plant new nursery riparian stock material and cage plants as required.

Seed new topsoil areas with approved wetland seed mix and cover with a mulch.

This construction sequence is a recommendation only and ultimately the sole responsibility of
the contractor.

CONSTRUCTION INSPECTION

Consistent with the project design, the construction inspection plan for this project includes the

following:
1. Critical inspection area and materials.
a) Imported cobble adequately approximates the target 2-8” gradation.
b) Installation of cobble toe to typical depths and width described in the drawings.
c) Plant material is healthy as installed.
d) Coir mat wetland sod mats are set on properly prepared subgrade and staked per the
manufacturer's recommendations.
e) The adjacent inset benches are lowered to appropriate elevations along the in-stream
excavation area.
2. Tolerances for lines and grades:
a. Average rough grade pass excavation within 0.2' of the stakeout grade based on 100 foot
segments as measured at constructed riffle crest/tailout locations.
b. Final grade - fit in field.
c. Plan view/limits of excavation per fit in field based on average dimensions staked per
typical sections in the drawings.
3. Compaction
a. No compaction testing of soils is required on the project; compaction will be tracked
Based upon appropriate compactive effort.
b. Bank toe cobble will be bucket packed.
c. Bank face sod will be bucket tamped.
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OPERATION & MAINTENANCE

1. O&M General
a.  Arepresentative of the design team and/or miller family will inspect channel daily
during runoff events in year 1 and as needed after year 2.
b.  If inspections warrant, temporary measures may be taken to mitigate any unexpected as-
built channel behavior.
c.  Following runoff an inspection will be made to determine if any further action is

warranted to protect the integrity of the channel form and if so, those measures
implemented.

2. O&M Channel Re-Alignment

The new channel alignment will not be diverted through the use of a plug or any other in-
stream or wetland fills, but rather via the excavation down of the existing channel at the top of
the project to re-direct flows which are currently spilling into the field to the south. Annual

inspections for the first 3 years after spring run-off are recommended to ensure the new
alignment remains active

3. New riparian seeding mix shall be covered and monitored weekly for the first 3 months,
then monthly for the next 12 months to ensure it stays wet and covered; and new nursery stock

plants shall be monitored to ensure the cages are effective or whether supplemental measures
are required.
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LYONS - MOORES CREEK ENHANCEMENTS
Ennis, MT

Attachment No.1

Moores Creek Hydrology
(Baseflow & Bankfull Estimates)
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Moores Creek Discharge
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David Lyons-Moore Creek:

Drainage Area = 30 square miles Drainage Area above 6000 feet = 20.92 square miles (69.8%).

; 1 Moore Creek Drainage Area
SEE S 6000 ft contour B
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